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(57) ABSTRACT

Disclosed are a dual-optical-path spectrophotometer and a
color measurement method thereof. The spectrophotometer
includes an integrating sphere, a light source, and a sensor.
A second shutter, a semi-reflecting and semi-transmitting
device and lenses are arranged between the detection hole
and the sensor, and a light guide device and a first shutter are
arranged between a light guide hole formed in the integrat-
ing sphere and the semi-reflecting and semi-transmitting
device. The color measurement method includes the follow-
ing steps. A first shutter is closed, a second shutter is opened,
light, reflected by the measuring opening, enters a sensor
and the sensor measures a spectral reflected signal of the
object surface. The first shutter is opened, the second shutter
is closed, reflected light enters the sensor, and the sensor
measures a spectral reflected signal of a light source. A final
sampled signal is calculated.
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DUAL-OPTICAL-PATH
SPECTROPHOTOMETER AND COLOR
MEASUREMENT METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of international appli-
cation of PCT application serial no. PCT/CN2020/104778
filed on Jul. 27, 2020, which claims the priority benefit of
China application no. 202010596573.0 filed on Jun. 28,
2020. The entirety of each of the above mentioned patent
applications is hereby incorporated by reference herein and
made a part of this specification.

TECHNICAL FIELD

The present invention relates to the technical field of
optical color difference measurement, in particular to a
dual-optical-path spectrophotometer and a color measure-
ment method thereof.

BACKGROUND

Spectrophotometers are a detection instrument which
calculates the color value by spectral analysis of the
reflected light from the surface of an object. The measure-
ment principle is that the light emitted by the light source
irradiates to the surface of the measured object from the
measuring aperture after continuous diffuse reflection in the
integrating sphere, the reflected light from the object surface
enters the spectral sensor after passing through the lenses
and other optical devices carrying the color information of
the object surface, the spectral sensor performs spectral
processing on the optical signal collected and converts it into
a different spectrum of optical intensity signal, the optical
intensity signal is converted into an electrical signal through
the photosensor in the spectral sensor, the electrical signal is
converted into a digital signal through the integrated circuit,
and the computer calculates the digital signal as a color
value.

The spectrophotometers have two most important perfor-
mance indexes, i.e., measurement repeatability and indica-
tion error. The measurement repeatability means that spec-
trophotometers make multiple measurements without
changes of the surface of the measured object to measure the
maximum change of the results. Among the factors affecting
measurement repeatability, the intensity change of the light
source itself is the most critical factor. In the process of
multiple measurements, the intensity of the light source
itself will have a certain energy fluctuation, which will
directly affect the stability of measurement results.

The existing spectrophotometers usually adopt dual-opti-
cal-path design to eliminate the influence of light source
fluctuation on measurement. An optical path is separately set
to collect the intensity of the light source itself, e.g., an
optical fiber is adopted to collect an optical signal from a
light source, the optical signal is transmitted to a first
spectral sensor, the first spectral sensor collects the first
optical signal intensity, an optical signal reflected from a
surface of a measured object enters a second spectral sensor,
the second spectral sensor collects the second optical signal
intensity, and a final sampled signal is obtained by calcu-
lating the intensity of such two optical signals. In this case,
two spectral sensors are required to detect the signal inten-
sity of the measured object and the light source respectively,
and the cost is high.
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2
SUMMARY

In order to solve the deficiencies of the prior art and
achieve the purpose of lowering cost, the present invention
adopts the following technical solutions:

A dual-optical-path spectrophotometer includes an inte-
grating sphere, a light source matched with a light-through
hole of the integrating sphere, and a sensor matched with a
measuring port and a detection hole of the integrating
sphere, wherein a second shutter, a semi-reflecting and
semi-transmitting device and lenses are arranged between
the detection hole and the sensor, reflected light at the
measuring port enters the sensor through a penetrating face
of the semi-reflecting and semi-transmitting device, a light
guide device and a first shutter are arranged between a light
guide hole formed in the integrating sphere and the semi-
reflecting and semi-transmitting device, and reflected light
from an inner surface of the integrating sphere enters the
sensor through a reflecting surface of the semi-reflecting and
semi-transmitting device.

An adjusting device is arranged on each of the lenses,
configured to adjust positions of the lenses between the
sensor and the detection hole and change a size of a sensor
measurement area.

The lenses include a first lens and a second lens, wherein
the semi-reflecting and semi-transmitting device is arranged
between the first lens and the second lens, and an adjusting
device is arranged on the second lens, configured to adjust
aposition of the second lens between the semi-reflecting and
semi-transmitting device and the detection hole.

The adjusting device includes a sliding sleeve, a sleeve
lever, a V-shaped spring and a fixed structure, wherein the
sliding sleeve arranged in a detection cylinder is matched
with the lenses through a stepped notch formed inside a top
thereof, a lever hole formed in one side of the sliding sleeve
is matched with a sliding groove formed in one side of the
detection cylinder, the sleeve lever is inserted into the lever
hole through the sliding groove, and the fixed structure
arranged outside the detection cylinder is connected with the
sleeve lever through the V-shaped spring; the V-shaped
spring provides an upward force for the sleeve lever to be
pulled upwards, so that the sliding sleeve is supported by the
sleeve lever, a distance between the lenses and the sensor is
shortened, a distance between the lenses and the detection
hole is increased, and sliding down of the sliding sleeve due
to gravity is avoided; provides a downward force for the
sleeve lever to be pulled downwards, and coordinates the
sleeve lever to better drive the sliding sleeve to slide down,
so that a distance between the lenses and the sensor is
increased, and a distance between the lenses and the detec-
tion hole is shortened; and finally changes an area size of the
sensor measured from the measuring port.

The light guide hole is formed above the light-through
hole, and a light barrier is arranged below an inner side of
the light-through hole and can prevent light source from
directly irradiating to the measuring port and prevent
reflected light at the measuring port from irradiating into the
light guide hole.

The semi-reflecting and semi-transmitting device is an
inclined semi-reflecting and semi-transmitting glass,
wherein an upper surface of the semi-reflecting and semi-
transmitting glass is a reflecting surface and a lower surface
is a penetrating face.

A light trap hole formed in the integrating sphere is
matched with the measuring port and a camera arranged
outside the integrating sphere, and a pick is arranged
between the light trap hole and the camera.
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A color measurement method for dual-optical-path spec-
trophotometer includes the following steps:

S1, first measurement process: a first shutter is closed, a
second shutter is opened, light, reflected via a measuring
port, from a surface of a measured object enters a sensor
through a penetrating face of a semi-reflecting and semi-
transmitting device and lenses matched with the semi-
reflecting and semi-transmitting device, and the sensor mea-
sures a spectral reflected signal I, of the object surface;

S2, second measurement process: the first shutter is
opened, the second shutter is closed, reflected light from an
inner surface of an integrating sphere enters the sensor
through a reflecting surface of the semi-reflecting and semi-
transmitting device, and the sensor measures a spectral
reflected signal I, of a light source; and

S3, I=1,/1, is taken as a final sampled signal.

The positions of the lenses between the sensor and the
detection hole are adjustable, configured to change a size of
a sensor measurement area.

An interval between the first measurement process and the
second measurement process is 5 ms-100 ms.

The present invention features the following advantages
and beneficial effects:

The optical signal intensity of the measured object and the
light source itself can be measured by just one spectral
sensor, and the final sampled signal can be obtained through
calculation, greatly reducing the system cost on the basis of
reducing the influence of the energy reducing the influence
of the energy fluctuation of the light source on the stability
of measurement results, and ensuring measurement repeat-
ability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural sectional view of the present
invention.

FIG. 2A is a structural sectional view of a part of an
upward adjusting device in the present invention.

FIG. 2B is a structural sectional view of a part of a
downward adjusting device in the present invention.

FIG. 3A is a lateral structural view of an upward adjusting
device in the present invention.

FIG. 3B is a lateral structural view of a downward
adjusting device in the present invention.

In the figure:

1. sensor; 2. first shutter; 3. light guide column; 4. second
shutter; 5. detection hole; 6. integrating sphere; 7. light guide
hole; 8. light-through hole; 9. light source; 10. light barrier;
11. measuring port; 12. light trap hole; 13. pick; 14. camera;
15. second lens; 16. semi-reflecting and semi-transmitting
glass; 17. first lens; 18. detection cylinder; 19. lever hole; 20.
sleeve lever; 21. sliding groove; 22. sliding sleeve; 23.
stepped notch; 24. retaining screw; 25. V-shaped spring.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The specific implementation modes of the present inven-
tion will be described in detail below in combination with
the accompanying drawings. The specific implementation
modes described herein are used for describing and explain-
ing the present invention only, rather than limiting the
present invention.

As shown in FIG. 1, light emitted by a LED light source
9 enters an integrating sphere 6 after passing through an
optical filter. The light irradiates to an object surface through
a measuring port 11 after continuous inverse homogeniza-
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tion inside the integrating sphere 6. The reflected light from
the object surface enters a spectral sensor 1 after passing
through the measuring port 11, a detection hole 5, a second
shutter 4, a second lens 15, a semi-reflecting and semi-
transmitting glass 16 and a first lens 17 successively.
Besides, a light guide hole 7 is formed in the integrating
sphere 6, so that the light (excluding the reflected light from
the object surface) from an inner surface of the integrating
sphere 6 enters the spectral sensor 1 after passing through
the light guide hole 7, a light guide column 3, a first shutter
2 and the semi-reflecting and semi-transmitting glass 16
successively; an upper surface of the semi-reflecting and
semi-transmitting glass 16 is a reflecting surface which faces
a light output hole of the light guide column 3, a lower
surface is a penetrating face which faces the second lens 15,
and the whole semi-reflecting and semi-transmitting glass 16
is inclined.

As shown in FIGS. 2A, 2B, 3A and 3B, an adjusting
device is arranged on the second lens 15, configured to
adjust positions of the lenses between the sensor 1 and the
detection hole 5 and change an area size of the sensor 1
measured from the measuring port 11.

The adjusting device includes a sliding sleeve 22, a sleeve
lever 20, a V-shaped spring 25 and a retaining screw 24,
wherein the sliding sleeve 22 is arranged at an inner wall of
a detection cylinder 18, a stepped notch 23 is formed in a top
of the sliding sleeve 22 and configured to place the second
lens 15, a lever hole 19 formed in one side of the sliding
sleeve 22 is matched with a sliding groove 21 formed in one
side of the detection cylinder 18, one end of the sleeve lever
20 is inserted into the lever hole 19 through the sliding
groove 21, the retaining screw 24 is arranged outside the
detection cylinder 18, and both ends of the V-shaped spring
25 are connected with the retaining screw 24 and the other
end of the sleeve lever 20 respectively. When the sleeve
lever 20 is pulled upwards from a bottom of the sliding
groove 21, a distance between the retaining screw 24 and the
sleeve lever 20 is shortened, and the V-shaped spring 25
suffers from an increased pressure; when the sleeve lever 20
is crossing a middle part of the sliding groove 21, a distance
between the retaining screw 24 and the sleeve lever 20 is
increased, and the V-shaped spring 25 suffers from a reduced
pressure; under an action of an elastic force of the V-shaped
spring itself, the V-shaped spring applies an upward force to
the sleeve lever 20, so that the sleeve lever 20 slides to a top
end of the sliding groove 21, thus moving the second lens 15
upwards through the sliding sleeve 22, shortening a distance
between the second lens 15 and the sensor 1, increasing a
distance between the sensor 1 and the detection hole 5, and
changing an area size of the sensor 1 measured from the
measuring port 11. When the sleeve lever 20 is pulled
downwards from a top of the sliding groove 21, a distance
between the retaining screw 24 and the sleeve lever 20 is
shortened, and the V-shaped spring 25 suffers from an
increased pressure; when the sleeve lever 20 is cross a
middle part of the sliding groove 21, a distance between the
retaining screw 24 and the sleeve lever 20 is increased, and
the V-shaped spring 25 suffers from a reduced pressure;
under an action of an elastic force of the V-shaped spring
itself, the V-shaped spring applies a downward force to the
sleeve lever 20, so that the sleeve lever 20 slides to a bottom
end of the sliding groove 21, thus moving the second lens 15
downwards through the sliding sleeve 22, increasing a
distance between the second lens 15 and the sensor 1,
shortening a distance between the sensor 1 and the detection
hole 5, and changing an area size of the sensor 1 measured
from the measuring port 11.
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Besides, a camera 14 is arranged outside the integrating
sphere 6, the measuring port 11 is observed via a light trap
hole 12 formed in one side of a top of the integrating sphere
6 and a measurement area is displayed on a screen, which
facilitates a user to locate the measurement area; a pick 13
is arranged in the light trap hole 12, configured to realize a
measurement structure of de:8°.

First measurement process: A first shutter 2 is closed, and
a second shutter 4 is opened; at this time, light passes
through a measuring port 11, a detection hole 5, the second
shutter 4 and a second lens 15 successively after being
reflected from a surface of a measured object, enters a
reflecting surface from a penetrating face of a semi-reflect-
ing and semi-transmitting glass 16 and is reflected, and then
enters a spectral sensor 1 via a first lens 17; at this time, a
signal measured by the spectral sensor 1 is a spectral
reflected signal I, of the object surface.

Second measurement process: The first shutter 2 is
opened, and the second shutter 4 is closed; at this time, a
light guide column 3 passes light (excluding the reflected
light from the object surface) from an inner surface of the
integrating sphere 6 through the light guide hole 7, the light
guide column 3 and the first shutter 2 successively, and the
light is reflected from the reflecting surface of the semi-
reflecting and semi-transmitting glass 16, and then enters the
spectral sensor 1 via the first lens 17; at this time, a signal
I, measured by the spectral sensor 1 is only related to a
luminous intensity of a light source 9.

A baffle is arranged inside the integrating sphere 6 to
ensure that the light reflected from the surface of the
measured object will not directly enter the light guide
column 3. The light guide hole 7 is formed above a light-
through hole 8, and a light barrier 10 is arranged below an
inner side of the light-through hole 8, and can prevent the
light source 9 from directly irradiating to the measuring port
11 and prevent the reflected light at the measuring port 11
from irradiating into the light guide hole 7, so as to reduce
influence of a surface color of the measure object on I,.

I=1,/1, is taken as a final sampled signal.

Due to a short interval between the first measurement
process and the second measurement process, i.e., an open-
ing or closing time of only one shutter, about 10 ms, it can
be considered in this time interval that the luminous inten-
sity and spectral distribution of the light source 9 do not
change. Two measurement processes in the same state can
obtain better measurement repeatability and avoid use of
two spectral sensors, greatly reducing the cost.

The above-mentioned embodiments are only used for
describing, rather than limiting, the technical solutions of the
present invention. Although the present invention is
described in detail by reference to the above-mentioned
embodiments, those of ordinary skill in the art should
understand that, they can still make modifications to the
technical solutions recorded in the above-mentioned
embodiments, or make equivalent substitutions to a part of
or all technical characteristics thereof, but these modifica-
tions or substitutions will not make the corresponding tech-
nical solutions deviate from the scope of the technical
solutions in the embodiments of the present invention.

What is claimed is:

1. A dual-optical-path spectrophotometer, comprising an
integrating sphere, a light source matched with a light-
through hole of the integrating sphere, and a sensor matched
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with a measuring port and a detection hole of the integrating
sphere, wherein a second shutter, a semi-reflecting and
semi-transmitting device and lenses are arranged between
the detection hole and the sensor, reflected light at the
measuring port enters the sensor through a penetrating face
of the semi-reflecting and semi-transmitting device, a light
guide device and a first shutter are arranged between a light
guide hole formed in the integrating sphere and the semi-
reflecting and semi-transmitting device, and reflected light
from an inner surface of the integrating sphere enters the
sensor through a reflecting surface of the semi-reflecting and
semi-transmitting device.

2. The dual-optical-path spectrophotometer according to
claim 1, wherein an adjusting device is arranged on each of
the lenses, configured to adjust positions of the lenses
between the sensor and the detection hole.

3. The dual-optical-path spectrophotometer according to
claim 2, wherein the lenses comprise a first lens and a second
lens, wherein the semi-reflecting and semi-transmitting
device is arranged between the first lens and the second lens,
and an adjusting device is arranged on the second lens,
configured to adjust a position of the second lens between
the semi-reflecting and semi-transmitting device and the
detection hole.

4. The dual-optical-path spectrophotometer according to
claim 2, wherein the adjusting device comprises a sliding
sleeve, a sleeve lever, a V-shaped spring and a fixed struc-
ture, wherein the sliding sleeve arranged in a detection
cylinder is matched with the lenses through a stepped notch
formed inside a top, a lever hole formed in one side of the
sliding sleeve is matched with a sliding groove formed in
one side of the detection cylinder, the sleeve lever is inserted
into the lever hole through the sliding groove, and the fixed
structure arranged outside the detection cylinder is con-
nected with the sleeve lever through the V-shaped spring.

5. The dual-optical-path spectrophotometer according to
claim 1, wherein the light guide hole is formed above the
light-through hole, and a light barrier is arranged below an
inner side of the light-through hole.

6. The dual-optical-path spectrophotometer according to
claim 1, wherein the semi-reflecting and semi-transmitting
device is an inclined semi-reflecting and semi-transmitting
glass, an upper surface of the semi-reflecting and semi-
transmitting glass is a reflecting surface and a lower surface
is a penetrating face.

7. The dual-optical-path spectrophotometer according to
claim 1, wherein a light trap hole formed in the integrating
sphere is matched with the measuring port and a camera
arranged outside the integrating sphere, and a pick is
arranged between the light trap hole and the camera.

8. The dual-optical-path spectrophotometer according to
claim 3, wherein the adjusting device comprises a sliding
sleeve, a sleeve lever, a V-shaped spring and a fixed struc-
ture, wherein the sliding sleeve arranged in a detection
cylinder is matched with the lenses through a stepped notch
formed inside a top, a lever hole formed in one side of the
sliding sleeve is matched with a sliding groove formed in
one side of the detection cylinder, the sleeve lever is inserted
into the lever hole through the sliding groove, and the fixed
structure arranged outside the detection cylinder is con-
nected with the sleeve lever through the V-shaped spring.
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